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Abstract 
This paper describes the possibility of enhancing the sensitivity of plastic optical fiber (POF) sensors for hydrogen fluoride 
vapours through a surface treatment of the polymeric core, performed in low pressure plasma. These high sensitivity POF sensors 
are realized by removing the cladding and performing a plasma nanotexturing of the core surface using oxygen/argon plasma 
treatments; then a thin, SiO2-like layer is deposited onto the nanotextured fibres core. The SiO2-like layer reacts with the HF 
vapours modifying the fibre response in terms of light transmittance. The first results show how the nanotexturing permits to 
increase the sensor sensitivity even though the nanotexturing is critical to be optimised and controlled. 
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
The employment of low pressure plasma treatments to modify the surface structure of polymeric materials at nano-
scale level has become an important tool in the fast growing area of nanotechnology [1]. The widespread 
applications of plasma treatment of polymer surfaces depends on its unique advantages such as low temperature 
processing, ability to modify material surfaces without affecting the bulk properties and, mainly, the flexibility to 
change the process outcome from deposition, nanotexturing and chemical modification, by a proper selection of the 
experimental parameters (gas mixture composition, supplied power, etc.), which are employed to switch on the 
plasma discharge [2]. Plastic Optical Fibers (POF) [3] have been recently proposed for several low cost sensing 
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applications in the industrial and civil fields [4]. POFs offer several unique advantages; first of all, light coupling of 
plastic fibers is extremely easy, due to their large core size, usually around 1 mm, and their large Numerical 
Aperture (NA); then, POFs have small size and are immune to electromagnetic interference, due to their dielectric 
nature; moreover, POF can be employed in low cost systems, due to inexpensive opto-electronic components. 
Therefore, POF sensors represent also a cheap and effective solution to measure very low concentrations of 
dangerous gases, such as H2S, HF and NOx in the atmosphere. As a matter of facts, taking advantage of the plasma 
technology, high sensitive sensors can be realised by removing the fiber cladding and by deposing on the fiber core 
a thin sensitive layer, capable of reacting with the gas to be measured in order to modify the fiber response in terms 
of light transmittance. If the core is nanotextured, a higher sensitivity can be expected due to the increase of surface 
roughness and, consequently, of the exposed area.  
In this paper, an attempt is done to design and develop high sensitive POF sensor prototypes to monitor traces of 
hydrogen fluoride vapours (HF) in the RPC (Resistive Plate Chamber) detectors of the Compact Muon Solenoid 
(CMS) experiment at the CERN laboratory in Geneva (Switzerland) [5, 6]. RPC are employed in the CMS 
experiment to detect muon particles and studying the basic components of matter. RPCs are composed of two 
bakelite plates, positioned at a distance of 2 mm and maintained at a voltage difference of about 9 kV. The free 
space between the plates is filled with a high costly gas mixture (96.0% of C2H2F4, 3.5% of C4H10  and 0.5% SF6, 
with 45% RH), whose ionization upon the passage of a charged particle provides the output signal. The absence of 
contaminants, and in particular of fluoride ions produced by the gas mixture degradation, is fundamental to obtain 
the RPC response. Following the promising results already obtained in previous studies [7,8], particular attention is 
focused on the possibility of increasing the sensor sensitivity thanks to the plasma nanotexturing of the fiber core. 
2. Sensor design and development 
The POF used in this study is a commercial step-index, highly multimode and low cost (about 1$ per meter) 
fiber. The fiber has a cladding-core structure made of a fluoro-polymer and super pure poly-methyl-methacrylate 
(PMMA), respectively. The fiber has a diameter of about 1000 µm, while the core diameter is about 980 µm. The 
cladding-core structure is protected by a jacket layer. In order to exploit of the evanescent field, the PMMA core has 
to be exposed, so that the cladding has to be removed; then, a low pressure plasma nanotexturing is performed to 
modify the PMMA core surface by increasing it roughness; eventually a sensitive SiO2-like thin film (glass-like) 
able to react with low concentration of HF vapors is deposited onto the treated PMMA core surface. 
2.1. Fiber core nanotexturing  
The fluoro-polymer cladding can be removed by dipping the plastic optical fiber in ethyl-acetate solution 
(37%wt) for about 40 second.  The cladding is dissolved into the solvent and then manually removed with a soft 
paper without damaging the PMMA core. Once the cladding is removed, a low pressure plasma nanotexturing can 
be performed in order to increase the core roughness, (Fig. 1.a), and consequently the surface area exposed to the 
fluoride vapours to be measured. In this work the plasma treatments have been performed in a lab-scale plasma 
reactor consisting of a vacuum chamber made of stainless steel with a parallel plate electrode configuration; the 
upper electrode is connected to a 13.56 MHz-RF power supply through an impedance-matching unit while the 
bottom electrode is connected to the ground. The nanotexturing is performed in a plasma fed with an O2 / Ar gas 
mixture (O2:Ar = 80:20 sccm) with total pressure of about 5 Pa and an input power of 50W, for 5 minutes.  
2.2. Sensitive layer deposition 
In order to obtain a selective sensor, the sensitive layer must have a very low reactivity to all compounds but 
fluoride ions. The glass-like nature of the SiO2-like film makes it an ideal candidate: SiO2-like film have a high 
refractive index, are very stable but reactive with respect to HF vapours that lead to the formation of silicon 
tetrafluoride (SiF4) which has a lower refractive index and therefore this transformation may greatly alter the 
capability of the fiber of transmitting the light. One should note that silicon tetrafluoride formation is a non 
reversible reaction due to the extremely high electronegativity of fluoride ions. This leads to a sensor which has a 
response connected to the total (cumulative) exposition to the HF vapors and not to the actual HF concentration. 
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While this can be in general a limitation, in this case the integral response is an advantage as it allows an easy 
estimation to the total HF exposure. SiO2-like sensitive thin layer (200 nm thick) can be deposited onto the core fiber 
by means of Plasma Enhanced Chemical Vapor Depostion (PECVD) [7,8]. The deposition can be performed 
immediately after the core nanotexturing, in the same experimental set-up, in a plasma fed with tetraethoxysilane 
(TEOS), Ar and O2 (Ar:TEOS:O2 = 20:1:20 sccm) at 50W of input power. 
(a)                                                                                                (b)
Fig. 1. (a) Scanning electron microscope image of the fiber after plasma nanotexturing; (b) Test measurement setup composed of the sensor 
assembly (two coated fibers, a black-painted LED, a black-painted photodiode, and a PMMA support). A Pt100 sensor is used for operating 
temperature measurement. The reaction chamber is made of polytetrafluoroethylene (PTFE), which is resistant to HF vapors. A small PTFE bowl 
containing a HF solution generates the vapors. A National Instruments USB6281 board and a PC acquire the data.    
2.3. Sensor assembly 
The sensor prototype is composed of plastic optical fiber with length of about 10 cm, a light emitting diode 
(LED) as light source at the one end, and a photodiode (PD) that collects the light at the fiber end. PD and LED 
cupolas centres are drilled with 1 mm holes. A liquid PMMA glue is used to bond the bare fiber which is inserted 
into the holes. POFs are sensitive to environmental conditions specially the changes in temperature, so several types 
of supports have been designed such as Polyvinyl Chloride (PVC) support, standard perfboard support, and 
polymethylmethacrylate (PMMA) supports. The best result has been obtained by using a PMMA support (Fig. 1.b), 
since the plastic fiber is made of PMMA whereas perfboard is made of phenolic resin and metal and PVC is made of 
vinyl chloride monomer, therefore they have different thermal expansion coefficients and some bending can appear 
due to temperature variation. 
3. Measurement set up 
A schematic representation of the measurement set-up is shown in Fig.1.b. The set-up is composed of a 
polytetrafluoroethylene (PTFE) reaction chamber, which can be completely closed in order to avoid dispersing the 
HF vapour in the surrounding environment. Two sensor assemblies are inserted in a PTFE reaction chamber. One 
assembly is based on a nanotextured core fiber, while the other employs an untreated core fiber. For monitoring the 
operating temperature inside the reaction chamber a Pt100 sensor is used. PD and LED are painted with a black 
paint in order to avoid measuring the light which could travel from LED to the PD outside the fiber. To generate of a 
known concentration of a HF vapors; a small PTFE bowl containing a few milliliters of HF solutions is inserted 
inside the reaction chamber. The partial pressure of the HF vapors can be computed using the Antoine equation and 
the coefficients can be found either on the NIST web site or computed from partial pressure experimental 
measurements. The temperature measured by means of the Pt100 is used to compute the actual HF partial pressure 
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present in the reaction chamber. A National Instruments USB6281 board is used to acquire and save the data for 
analyses by a personal computer. 
(a)                                                                                                      (b) 
Fig. 2. (a) Attenuation change of the two different fibre sensors as a function of the exposure time to HF. The blue line refers to the fiber obtained 
with a nanotextured core while the red line refers to the untreated core. Temperature during the test measured with Pt100 sensor and changes in 
the range of 16°C – 18.5°C; (b) Normalized transmittance ratio of the two fiber sensors with respect to the computed HF exposition. The 
exposition is computed by integrating the partial pressure computed according to Antoine equation. 
4. Results 
Fig. 2 shows an example of results obtained with two sensors coated with SiOx films deposited in the same 
conditions. The test, is about three day long, in an uncontrolled environment, where the temperature changed in the 
range of 16°C to 18.5°C. Fig. 2.a shows the transmittance evolution in time, while Fig. 2.b shows the transmittance 
as a function of the computed HF exposition. The sensor based on the nanotextured fiber (blue line), shows a 
transmittance change of about 15 times as the SiOx is transformed into SiF4 while the sensor based on the untreated 
core shows a change of only 4 times. The effect of the nanotexturing treatment is, therefore, a remarkable increase 
of the overall sensitivity; however, the nanotexturing step is difficult to be controlled and has to be further 
developed.
References 
[1] G. Ali Mansoori and T. A. FauziSoelaiman, Nanotechnology – An Introduction for the Standards Community, Journal of ASTM International 
of ASTM International, June 2005, Vol. 2, No. 6 
[2] K. Holmberg, D. O. Shah, M. J. Schuger, Handbook of Applied Surface and Colloid Chemistry; John Wiley & Sons Ltd: Chichester; New 
York , 2002; Vol. 1 
[3] J. Zubia, and J. Arrue, “Plastic Optical Fibers: An Introduction to Their Technological Processes and Applications,” Optical Fiber Technology 
7, pp. 101–140, 2001.                     
[4] D. Kalymnios, Plastic Optical Fibres (POF) in sensing - current status and prospects, Proc. SPIE 5855, pp. 1–4, 2005. 
[5] A. Colaleo et al., First measurements of the performance of the barrel RPC system in CMS, CERN-CMS-NOTE-2008-027, Oct 2008, 15pp., 
Nucl. Instrum. Meth. A 609 (2009) 114-121 
[6] A study of gas contaminants and interaction with materials in RPC closed loop systems, S. Colafranceschi (Frascati & CERN), R. Aurilio, L. 
Benussi, S. Bianco, L. Passamonti, D. Piccolo, D. Pierluigi, A. Russo (Frascati), M. Ferrini, T. Greci (Rome U. & Frascati) et al.. Oct 2012. 
Journal of Instrumentation (JINST) vol. 8 (2013) T03008 DOI: 10.1088/1748-0221/8/03/T03008 
[7] S. Grassini et al. Gas monitoring in RPC by means of non-invasive plasma coated POF sensors. In: JOURNAL OF INSTRUMENTATION, 
vol. 7 n. 12, pp. 1-11, 2012. - ISSN 1748-0221 
[8] S. Corbellini et Modified POF Sensor for Gaseous Hydrogen Fluoride Monitoring in the Presence of Ionizing Radiations. In: IEEE 
Transactions on Instrumentation and Measurement, vol. 61 n. 5, pp. 1201-1208, 2012. 
